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(54) Flameproof thermoplastic resin composition 

(57) A flameproof thermoplastic resin composition 
of the present invention comprises (A) 40 to 95 parts by 
weight of a rubber modified styrene-containing resin 
composed of (a^ 20 to 100% by weight of a styrene- 
containing graft copolymer resin containing 18 to 50% 
by weight of acrylonitrile in the copolymer excluding rub- 
ber and (a 2 ) 0 to 80% by weight of a styrene-containing 
copolymer containing 18 to 50% by weight of acryloni- 
trile; (B) 5 to 60 parts by weight of a polyphenylene ether 
resin; (C) 2 to 40 parts by weight of a styrene-containing 
copolymer or a styrene-containing graft copolymer, 



which uses optionally to 60% by weight of rubber, con- 
taining 5 to 18% by weight of acrylonitrile in the copoly- 
mer excluding the rubber, per 100 parts by weight of the 
sum of (A) and (B); and (D) 5 to 30 parts by weight of 
an aromatic phosphoric acid ester per 100 parts by 
weight of the sum of (A) and (B). The flameproof ther- 
moplastic resin composition may further comprises 0 to 
50 parts by weight of an anti-dripping agent, an impact 
modifier, a plasticizer, a heat stabilizer, an oxidation in- 
hibitor, a light stabilizer, a compatibilizer, a pigment, a 
dye and/or an inorganic filler on the basis of 100 parts 
by weight of the base resin. 
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Description 

rooon The oresent invention relates to a flameproof thermoplastic resin composition. More particularly, the present 
are prepared without a halogen-containing compound have become a major concern dant 



of the resin 

55 



WlVTfurther object of the present invention is to provide a thermoplastic resin composition which contains no 
a compatibilizer. 
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methylstyrene, etc. In the above examples, styrene is the most preferable. At least one copolyrnerizable monomer may 
be introduced and applied to said aromatic vinyl monomers. It is preferred that the copolyrnerizable monomer is a 
cyanide vinyl-containing compound such as acrylonitrile or an unsaturated nitrile-containing compound such as meth- 
acrylonitrile. 

5 [0022] The content of rubber is preferably in the range of 1 0 to 60% by weight based on the total weight of a graft 
copolymer resin. Except rubber component, it is preferable that the aromatic vinyl group-containing monomer compo- 
nent is 50 to 82% by weight, and the unsaturated nitrile-containing monomer component is 18 to 50% by weight. In 
addition, in order to give good characteristics of processability and heat resistance, the monomers such as acrylic acid, 
methacryl acid, maleic anhydride and N-substituted maleimide can be added in the graft polymerization. The amounts 

10 of the monomers are in the range of 0 to 40% by weight based on the styrene-containing graft copolymer resin. 

[0023] To acquire good impact strength and appearance when said styrene-containing graft copolymer is prepared, 
the average size of rubber particles is preferably in the range of from 0.1 to 4 um 

(32> Styrene-containing Copolymer Resin 

15 

[0024] The styrene-containing copolymer resin of the present invention is prepared by copolymerizing an aromatic 
vinyl-containing monomer and a copolyrnerizable monomer, depending on the ratio and compatibility between mono- 
mers except rubber in the styrene-containing graft copolymer. The styrene-containing copolymer used in this invention 
is SAN copolymer resin which contains 18 to 50% by weight of acrylonitrile. 

20 [0025] The examples of the aromatic vinyl-containing monomer are styrene, a-methylslyrene, p-methylstyrene, etc. 
Styrene is the most preferable. The aromatic vinyl-containing monomer in the total copolymer resin is contained in the 
amount of 50 to 82% by weight. The examples of the copolyrnerizable monomer are cyanide vinyl group-containing 
compounds such as acrylonitrile and unsaturated nitrile-containing compounds such as methacrylonitrile. It is prefer- 
able that 18 to 50% by weight ol the copolyrnerizable monomer to the total copolymer is employed. In addition, 0 to 

25 40% by weight of a monomer such as acrylic acid, methacrylic acid, maleic anhydride and N-substituted maleimide 
may be added and copolymerized thereto. 

[0026] In the present invention, the rubber modified styrene-containing resin (A) is composed of 20 to 1 00% by weight 
of a styrene-containing graft copolymer resin (a^ which contains 18 to 50% by weight of acrylonitrile in the copolymer 
except rubber and 0 to 80% by weight of a styrene-containing copolymer (a 2 ) which contains 18 to 50% by weight of 
30 acrylonitrile. The rubber modified styrene-containing resin (A) is employed as a base resin along with a polyphenylene 
ether (B). The base resin comprises 40 to 95 parts by weight of the rubber modified styrene<:ontaining resin (A) and 
5 to 60 parts by weight of the polyphenylene ether resin (B). 

(B) Polyphenylene Ether Resin 

35 

[0027] Polyphenylene ether resin is employed as a base resin to improve flame retardancy, heat resistance and 
rigidity of the resin composition according to the present invention. As examples of the polyphenylene ether resin, poly 
(2,6-dimethyl-1 ,4-phenylene) ether, poly(2,6-diethyl-1 ,4-phenylene) ether, poly(2,6-dipropyl-1 ,4-phenylene) ether, poly 
(2-methyl-6-ethyM ,4-phenylene) ether, poly(2-methyl-6-propyl-1 ,4-phenylene) ether, poly(2-ethyl-6-propyl-1 ,4-phe- 

40 nylene) ether, poly(2,6-diphenyl-1 ,4-phenylene) ether, copolymer of poly (2, 6-dimethyM ,4-phenylene) ether and poly 
(2,3,6-trimethyl-1,4-pheny1ene) ether, and copolymer of poly(2,6-dimethyl-1,4-pheylene) ether and poly(2,3,5-triethyl- 
1 ,4-phenylene) ether can be used. Preferably, copolymer of poly(2,6-dimethyl-1 ,4-phenylene) ether and poly(2,3,6-tri- 
methyl-1 ,4-phenylene) ether, and poly(2,6-dimethyl-1 ,4-phenylene) ether are preferably used, more preferably poly 
(2,6-dimethyl-1 ,4-phenylene) ether is used. The degree of polymerization of polyphenylene ether is not limited specif- 

45 ically. but considering heat-stability or processability of the resin composition, it is preferable that the viscosity of 
polypheylene ether is in the range of from 0.1 to 0.8 measured in a chloroform solvent at 25°C. 

(C) Styrene-acrylonitrile Copolymer or Styrene-containing Graft Copolymer Resin Having from 5 to 18% by 
Weight of Acrylonitrile 

so 

[0028] A styrene-acrylonitrile copolymer or a styrene<;ontaining graft copolymer is added to the base resin to improve 
compatibility between the rubber modified styrene-containing resin (A) and the polyphenylene ether resin (B). The 
styrene-acrylonitrile copolymer or styrene-containing graft copolymer employed in this invention comprise 82 to 95% 
by weight of a styrene and 5 to 1 8% by weight of acrylonitrile, exclusive rubber. To prepare the styrene-containing graft 
55 copolymer, a styrene-containing copioymer is grafted with up to 60 % by weight of rubber. The method for polymerization 
of the copolymer above may optionally be selected from emulsion polymerization, suspension polymerization, and bulk 
polymerization in accordance with the conventional processes. It is preferable that the weight average molecular weight 
of the copolymer is in the range of from 50,000 to 300,000. A third monomer may be employed for copolymerization 
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10012] Alameproofthem^as^^^ 

o1 a rubber modKied -^J^ SSE£S£ in thenar exCudin^ rubber, and £ 0 to 
copolymer res.n wh.ch contains 18 to 50 A^JJ"? JT 8 1 50 o /o by weig ht ot acrylonitrile; (B) 5 to 60 parts 
80% by weight of a ^s^'™^ styrene Containing copolymer or a styrene- 

by weight of a polyphenylene ether "M^2 to* P "t e S ubber. containing 5 to 18% by weight of acrylonitrile 
containing graft copolymer which uses ^'ly 60 ^y weigm ot ^ g {q 3Q ^ 

in the copolymer excluding rubber ^^f'^Xly^ of the sum of (A) and (B). 

by weight of an aromatic phosphoric acid ester per 100 pansaywes comp ri S es (A) a rubber 

^13] The f.ameproof thermoplastic 

modtfied styrene<ontaining resin composed of 

— — component; and (D) an 

parts by weight of a polyphenylene (C •) 2 » 40 parts y 9 onrtrjle 1Q0 by weignt of tne 
styrene«ontaining graft copolymer wh.ch contains 5 to IE /» J^?! o y weight of 

sum of (A) and (B); and (D) 5 to 30 parts ^Z^^eT^^^ resin is composed of (a,) 20 
the sum of (A) and (B) in the resm compost.on -^^^^^ 18 10 5 0% by weight of acrylonitrile in 
to 100% by weight of a styrene-contammg ^^^^T^Tdl a styrene-containing copolymer which 
the copolymer excluding rubber component; and (a 2 ) 0 to 80 ,. by weigm o y 

contains 18 to 50% by weight modj , ed styre ne-containing resin (A) and a polyphenylene ether 

[0015] The present invention employs a rubber moaiuea * y -vrene-acrvlonitrile copolymer or a styrene- 

follows: 

(A) Rubber Modified Styrene-containing Resin 

[00 17] A rubber modified styrene-containing resin means that a styrene<ontaining graft copper resin such as 
ABS, and the graft copolymer resin may contain a styrene<onta.ning WJ^™*' copolvmers 

, rubber phase 

[001 8] in the rubber modified styrene-containing •"^^"P^lSSS by mixing an aromatic vinyl monomer 
Uolymersare dispersed in theformolpahiclesina^ 
andavinyl group-containing m OT omer,wh.ch^ 

Such rubber-modified styrene-contammg resm .s pre T^uced by an extrusion with astyrenecontaining 
pensionpofymerizatfc^ 

graft copolymer resin and a styrene-contammg copolymer res *u in a uu. p y 

graft copolymer resin and a styrene-containing |Jopoljjrjn ™ "^^J^ J othe f polymereations, a sty- 
one step process is employed to produce a rubber 21 oreoared separately. In either 

ymer resin, and the like. ™nt»ininn araft cooolvmer resin can be used alone 

[0019] in the rubber modified styrene-containing , res, ,, a J^^^^SU thereof. In this invention, 
or in combination with a styrene-contammg ^^^ZloZ^oty weight of a styrene-containing graft 
a rubber modified styrene-containing res.n is prepared by mixing zv ic » iuv r y y 
copolymer resin (a,) with 0 to 80% by weight of a styrene-contammg copolymer (a 2 ). 

(a^ Styrene-containing Graft Copolymer Resin 

a, pclyb^ne. poWs^n^dione) ^ ^''^^Zt'.^r, a payable acid b*« and a ttr- 

^t^sssrs " 1 ls — 9 rubM " m °- pie,erab * a bu,ad,8 " e - 

containing rubber. nrpnarina the araft copolymer are styrene, a-methylstyrene, p- 

[0021] Aromatic vinyl-containing monomers for use preparing tne gran cop y 



so 
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25 

(II) 



30 wherein R 4 , R 5 and R 6 are hydrogen or (VC 4 alkyl. 

[0032] Examples of the phosphoric acid ester compound having the structural formula (II) include 1 ,3,5-tri(diphenyl 
phosphate) fluoroglucinol, 1 ,3,5-tri(dicresyl phosphate) fluoroglucinol, 1 ,3,5-tri(dixyenyl phosphate) fluoroglucinol, and 
the like. 

[0033] The compounds having the structural formula ( I ) also may be used along with triphenyl phosphate (TPP) in 
35 this invention. 

[0034] However, it is preferable that the compound or mixture thereof has a molecular weight of less than 1,500, 
because the compound having a molecular weight of more than 1,500 does not provide the resin with a good flame- 
retardancy. Also, it is preferable that the phosphoric acid ester compound has a melting point of more than 90°C. The 
phosphoric acid ester compound having a melting point of below 90 °C can be used together if the heat deformation 
40 temperature required to apply for commercial purposes is maintained at more than 90°C. 

[0035] In the present invention, the aromatic phosphoric acid ester compound as a flame retardant is used in the 
amount of from 5 to 30 parts by weight per 100 parts by weight of the base resin. 

[0036] If necessary, a resin such as polyamide, polycarbonate, polyester, polystyrene, rubber reinforced polystyrene, 
polyacetal, poly methacry lie acid methyl, and silicon resin may be added optionally to the resin composition of this 

45 invention in the amount of from 0 to 30 parts by weight per 100 parts by weight of the base resin. 

[0037] Other additives may be contained in the resin composition of the present invention. The additives include an 
anti-dripping agent, an impact modifier, plasticizer, a heat stabilizer, an oxidation inhibitor, a light stabilizer, a compat- 
ibilizer and the like. An inorganic filler such as talc, silica, mica, glass fiber, an organic or inorganic pigment and/or dye 
can be added too. The additives are employed in the amount of 0 to 50 parts by weight on the basis of 100 parts by 

so weight of the base resin. 

[0038] The resin composition according to the present invention has Izod impact strength (1/8" notched) of 10 to 
30kg -cm/cm and heat deformation temperature of more than about 90°C. Further, the resin composition has flame 
retardancy (1/10") of V-0 or V-1 , a good property of heat stability, and good characteristics of other physical properties. 
[0039] The invention may be better understood by reference to the following examples which are intended for the 

55 purpose of illustration and are not to be construed as in any way limiting the scope of the present invention, which is 
defined in the claims appended hereto. In the following examples, all parts and percentage are by weight unless oth- 
erwise indicated. 
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with styrene-acrylonitrile. The examples of the third monomer are methacrylate. maleic anhydride, phenyl 
e^a^ 

of a stvrene-acrylonitrile copolymer or a styrene-containing graft copolymer used as compatibitaer ib JW» 
2) parts by ' wSt per 1 00 parts by weight of the base resin. If the copoVmer (C) is not added, the res,n composition 
s shows reduction in mechanical properties due to low compatibility. 

(D) Aromatic Phosphoric Acid Ester 

[0029] The aromatic phosphoric acid ester compound used in the present invention is a compound having the fol- 
10 lowing structural formula ( I ): 



15 



20 



Ri O 




25 



30 



35 



40 



(I) 



wherein R, R 2 and R 3 independently of one another are hydrogen or C r C 4 alkyl. X is a dialcohol d^e such 
as restcino" diphenol, hydroquinol. bisphenol-A and bisphenol-S. and N is 0-4, and when N ,s 0, at least one ot R, , 

K R Wnere JlJaSi compound represented in the structural formufc ( I) is monophosphate, and examples 
ohate and the like The compounds can be used alone or in combination therewith. 

Pi In addSn a phosphoric acid ester compound having a structure of phloroglucmol can be used ,n th. inven- 
tion. The phosphoric acid ester compound is represented as follow. 



45 



SO 
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Table 1 





Examples 


Comparative Examples 


1 


2 


3 


1 


2 


3 


4 


Rubber modified styrene containing resin(A) 


70 


70 


70 


70 


70 


100 


70 


Polyphenylene ether(B) 


30 


30 


30 


30 


30 




30 


SAN (AN: 13wl. %)(C) 


20 


20 


20 




20 


20 




Tri(2,6-dimethylphenyl) phosphate(D-, ) 


18 


14 


14 


18 


18 


18 


18 


Triphenyl phosphate(D 2 ) 




4 












Resorcinolphenyl phosphate oligomer(D 3 ) 






4 










Phenolic resin(E) 










6 


6 


6 



[0049] In Examples 1 -3 and Comparative Examples 1 -4, the components were blended and extruded in Ihe form 
of pellets with a twin-screw extruder at 200~280°C. The pellets were dried at 80°C for 3 hours and extruded into test 
specimens in a 6 oz. extruder at molding temperature of 220~280°C and barrel temperature of 40-80°C, and the 
resin pellets were molded into test specimens. Impact strengths of the test specimens of the Examples and Comparative 
Examples were measured according to Izod impact strength ASTM D-256 (1/8 n notched), heat deformation tempera- 
tures were measured under load of 4.6kg according to ASTM D-6498, and flame retardancy (1/10 U ) was measured 
according to UL94 VB. Heat stability was evaluated on the basis of whether color difference(AE) between the test 
specimens was over 1 or whether black speck, black line, yellow line, and the like have been formed, when the test 
specimens are extruded at 250°C. The test results are presented in Table 2. 



Table 2 





Examples 


Comparative Examples 




1 


2 


3 


1 


2 


3 


4 


Impact strength(1/8 B ) (kg -cm/cm) 


20 


22 


15 


7 


18 


28 


4 


heat deformation temp.(°C) 


101 


95 


96 


103 


98 


95 


96 


UL 94(1/10") 


V-1 


V-1 


V-1 


V-1 


V-1 


fail 


V-1 


heat stability 


good 


good 


good 


good 


bad 


bad 


bad 



[0050] A flameproof resin applied for commercial purpose should have Izod impact strength of more than 10 : and 
heat deformation temperature of over about 90°C. 

[0051] As shown in Examples 1-3, the resin composition of the present invention had good impact strengths due 
to styrene-acrylonitrile copolymer or styrene-containing graft copolymer (C) improving compatibility between ABS resin 
and polyphenylene ether. Further, flame retardancy, heat resistance, and heat stability were enhanced. When compared 
with impact strengths of 1 5-22 obtained in Examples 1 -3, Comparative Example 1 not employing the component (C) 
showed impact strength reduced to 7. Comparative Examples 2-4 containing phenolic resin (E) showed much lower 
heat stability, in comparison with the Examples. The desired flame retardancy was obtained when all the components 
in Examples were employed, but flame retardancy was not shown in Comparative Example 3 excluding polyphenylene 
ether (B) 

[0052] As described above : the resin composition of the this invention obtains good mechanical properties due to 
compatibility improved by adding the resin (C) to the base resin, and shows good flame retardancy without using a 
phenolic resin as an auxiliary flame retardant. In addition, heat resistance, impact strength, and heat stability were 
improved, which was recognized by comparing Example 1 with Comparative Example 2. 

[0053] In consideration of final heat resistance, the phosphoric acid ester may be used in combination with other 
phosphoric acid ester compound as shown Examples 2-3. Furthermore; the mixture of more volatile phosphoric acid 
ester and less volatile phosphoric acid ester may be used to improve flame retardancy. 
[0054] The present invention can be easily carried out by an ordinary skilled person in the art. 



Claims 

1. A flameproof thermoplastic resin composition comprising: 
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Examples 

10040] Thecomponentstopr^ 
Examples 1-4 are as follows: 

(A) Rubber Modified Styrene-containing Resin (ABS) 

l00 41] A rubber modified sfyrene-containing resin was prepared by mixing 40% by weigh! of a sly regaining 
graft copolymer resin wrth 60% by weight of a styrene-contaimng copolymer resm. 

° ( 81 ) Styrene-containing Graft Copolymer Resin (ABS) 

in a powder form. 

,o M ayre^-eomeini.,, Copolymer Re* (SAN with 25% By wekjh. ol «nrton«rll.) 

U,e blended. To ft. blehd, 0.4 patte o! •«» l ' l ™'* 1 ^ | ^ 0 0 m 2 h P u a ,2 180 mreJ1M . The raseltant 

of 160,000 to 200,000 was obtained. 

(B) Polyphenylene Ether Resin 

. [0044, WM^AIMM — - - «** — * " ° 42 " *'° ,0,0ml 
The panicles had the average eiie ol several mictons (urn). 

(C) Styrenwerylonitril. Copolymer (SAN with 1 3 % by weigh, ol .crylonitrtl.) 

40 ^00,000 to 1 40.000 and 1 3% by weight of acrylonitrile content was obtained. 



(D) Aromatic Phosphoric Acid Ester 
[0046] 

(D, ) Tri(2,6-dimethylphenyl) phosphate with a melting point of 1 37'C ; 
so (E) Phenolic Resin 



[0048] 

Examples 1 -4 are shown in Table 1 . 



55 
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(0) 

wherein R 4 , R 5 and R 6 are hydrogen or C r C 4 alky I. 

4. The flameproof thermoplastic resin composition as defined in claim 2, wherein said aromatic phosphoric acid ester 
(D) further comprises triphenyl phosphate (TPP). 

5. The flameproof thermoplastic resin composition as defined in claim 2, wherein said aromatic phosphoric acid ester 
(D) further comprises monophosphate. 

6. The flameproof thermoplastic resin composition as defined in claim 2, wherein said aromatic phosphoric acid ester 
(D) has a melting point of 90°C or more. 

7. The flameproof thermoplastic resin composition as defined in any of preceding claims wherein said polyphenylene 
ether (B) is poly(2,6-dimethyl-1 : 4-phenylene) ether. 

8. The flameproof thermoplastic resin composition as defined in any ot preceding claims wherein said styrene-con- 
taining copolymer (C) is further copolymerized with a copolymerlzable monomer. 

9. The flameproof thermoplastic resin composition as defined in claim 8, wherein said copolymerizable monomer is 
selected from group consisting of methacrylate, maleic anhydride, and phenyl maleimide. 

10. The flameproof thermoplastic resin composition as defined in any of preceding claims wherein said resin compo- 
sition further comprises 0 to 30 parts by weight of a resin selected from the group consisting of polyamide, poly- 
carbonate, polyester, polystyrene, rubber reinforced polystyrene, polyacetal, polymethacrylic acid methyl, silicon 
resin and a mixture thereof, per 100 parts by weight of said base resin (A) and (B). 

11. The flameproof thermoplastic resin composition as defined in any one of claims 1-10, wherein said resin compo- 
sition further comprises an anti-dripping agent, an impact modifier, plasticizer, a heat stabilizer, an oxidation inhib- 
itor, a light stabilizer, a compatibilizer, a pigment, a dye and/or an inorganic filler. 
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<A, 40 ,0 parta 0V weigh, ri a «. «M 
50% by weight ol acrylonitrile; 

(B) 5 to 60 parts by weight of a polyphenylene ether resin stvrene<ontaining gra n copolymer which 

is represented by tollowing formula ( I ): 




(I) 



one of R, , R 2 and R 3 is not hydrogen. 
, The ^op-oo, ^ rea* co.pos.ion as detioad io o^ 1.2. w*ar„ said «»* phosphono aoid 
ester is represented by following formula (II): 
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